39 diseased lower limbs. The occlusion sections were located in the superficial femoral artery and/or popliteal artery, and there was no significant stenosis proximal to the point of occlusion. In the 34 patients, there were 28 males and six females, age range 44-78 years old. They were all diagnosed with lower limb occlusive artery disease by computed tomography angiography (CTA). The control group consisted of 10 males and nine females who did not smoke, did not have lower limb arteriosclerosis, vascular malformation, stenosis, or arterial expansion. Blood pressure, blood glucose and lipid levels were in the normal range. This study was conducted in accordance with the Declaration of Helsinki and was
INTRODUCTION
Lower limb extremity arterial occlusive disease is a major health problem in developed and developing countries, where lifestyle factors such as smoking (1) and drinking (2) can accelerate the progression of the disease. Lower extremity arterial occlusive disease, which mainly affects those aged above 50 years, has become a common peripheral vascular disease with high morbidity in patients with high blood pressure (3), high cholesterol (4, 5) and diabetes (6) .
For a long time, arterial X-ray digital subtraction angiography (DSA) has been the gold standard for peripheral arterial occlusive disease diagnosis, but DSA has the disadvantages of being invasive and expensive (7) , which limits its clinical application. With the development of colour Doppler ultrasound, colour Doppler diagnosis for lower extremity arterial disease has become mainstream (8, 9) . In recent years, many scholars have conducted research on the occluded artery spectrum, which is mostly about the distal segment of occlusion (10) . There is little research on the spectrum of proximal arterial occlusion. We used spectrum Doppler ultrasonography to evaluate the haemodynamic changes of an artery proximal to an occlusion to observe the changes of spectrum waveform shapes, in order to provide a new reference of lower limb arterial occlusion disease.
approved by the Ethics Committee of China-Japan Union Hospital of Jilin University. Written informed consent was obtained from all participants.
Lower extremity duplex scanning
The device used was an IU22 colour Doppler ultrasonic diagnostic instrument from Philips (Amsterdam, The Netherlands). Linear array transducer frequency ranged from 5-12 MH, sample volume size was 1-2 mm and the angle of intonation between the Doppler ultrasound beam and blood flow was in the lower 60°angle.
The patient should be relaxed and lying in a supine position with the lower limb fully exposed, the leg rotated outward and the knee gently flexed. The femoral artery from the level of the groin, the superficial femoral artery, and then the profunda femoris artery were scanned. The popliteal artery, with the patient in a prone position, as well as the anterior tibial artery, posterior tibial artery, and the dorsalis pedis artery, while the patient sat with the knee flexed, were also scanned. The transducer was moved along the blood vessel, from a proximal to a distal position. We used both the transverse section and longitudinal section to compare and contrast the scans.
Statistical analysis
The experimental data are presented as a mean ± standard deviation. Data were analysed using the T test with the Statistical Package for Social Sciences (SPSS). Statistical significance was established with p < 0.05.
RESULTS

Proximal waveform changes due to artery occlusion
Waveform shapes are obvious when the proximal artery is occluded (11) . Blood flow velocity becomes significantly slower and diastolic reverse waves become slower or monophasic. A disordered waveform shape has a spectral window that becomes smaller or disappears, spectral broadening, a systolic upward steep slope and a shortened acceleration time. Furthermore, the acceleration increases, the systolic downward slope flattens, there is a characteristic shoulder on the systolic downward slope, the deceleration time extends and deceleration becomes smaller. The closer the sampling volume position is to the occlusion area, the more significantly the waveform shapes change (12) . The characteristic shoulder on the systolic downward slope appears before disappearance of the diastolic reverse wave.
The sampling volume was placed at the position of 2 cm above the occlusion. The waveform shape was observed and compared to the control group. There were 37 arteries that had the systolic peak on the downward slope out of a total of 39 diseased arteries, which is 94.9%. There were 33 arteries that had the diastolic second and third wave disappear [84.6%, 33/39] (13). All disappearances of the diastolic reverse waves come along with the systolic peak on the downward slope.
Changes of velocity
The peak systolic velocity (PSV) is 78.5 ± 32.6 cm/s, which is distinctly low compared with the control group [p < 0.05] (14) . The diastolic reverse flow velocity (DRV) is 1.7 ± 4.3 cm/s, which is evidently low compared with the control group [p < 0.05] ( Table 1) . 
Evaluation of Haemodynamic Changes
DISCUSSION
The normal spectral Doppler display recorded from a lower limb extremity artery is a triphasic flow pattern with a clear spectral window (Fig. 1) . The first phase wave is the sharp would be shortened if no arterial branches existed above the occlusion, where blood returns. The downstroke shape of the first wave is flat. This downstroke is at the phase of the slow ejection period of the cardiac cycle. The resistance is as large as the distal occlusion, which can offset the part of the cardiac systolic blood pressure. Blood potential energy in the blood vessels falls slowly, so the downstroke shape of the first wave is flat. The result is distinctly different compared to the control group (p < 0.05).
On the spectrum, the diastolic reverse flow velocity measured at the peak of the early diastolic reverse wave can reflect the vessel compliance. Diastolic reverse flow velocity is relevant to the bed resistance of distal blood vessels. Vascular bed resistance increases, and elastic retraction forces decrease when lower limb extremity arteries are occluded. This leads to DRV slow down or disappearance (18) [Fig. 3 ].
Wang et al forward wave, which is caused by the positive blood flow of the cardiac systolic ejection. This is characterized by rapid rise and fall strokes. The second phase consists of a reverse wave, which is caused by an early diastolic aortic valve closure and a peripheral vascular elasticity retraction. The third phase wave is caused by arterial elasticity leading to the retraction of blood flow to the distal limb again in late diastole. The presence of normal triphasic flow is an indicator that the lower segment of the artery before the large branches has not been occluded or severely stenosed (15) .
The waveform shapes in the area proximal to an occlusion lose the characteristic triphasic flow pattern in these 39 cases. Instead, there are either monophasic or variant triphasic flow patterns. The upstroke of the first wave became steep, which is drastically different compared with the control group [p < 0.05] (16). The result may be relevant to the variety of conditions of the area proximal to an occlusion (17) . If there is no occlusion or severe stenosis, no large branches in the region proximal to an occlusion, then there is no haemodynamic impact. If the waveform shape in the area proximal to an occlusion looks like a hill then this is characteristic of a distal occlusion (Fig. 2) . The ejection time would be prolonged if the arterial branches were above the occlusion, where blood can flow away. The ejection time In this study, the characteristic shoulder on the systolic downstroke (Fig. 4) appears in the area proximal to the occlusion of the arteries of 37 cases, and not in the other two cases. The time in which the shoulder appears is 88 ± 2 ms. The two cases that have no shoulders on the systolic downstroke are blocked at the bifurcation of the common femoral artery and superficial femoral artery. In these two cases, the sample volume is located proximal to the origin of the profunda femoris artery. Blood can flow through the profunda femoris artery, which broadens, so the increase of the distal resistance is not obvious. The characteristic shoulder on the systolic downstroke does not appear in the control group. This study's results show that the appearance time of the shoulder on the systolic downstroke coincides with collateral vessels that open proximal to the occlusion (19) .
When collateral vessels open proximal to the occlusion, the appearance time of the shoulder on the systolic downstroke becomes shorter or ceases to exist. But there is no clear research between the number, pipe diameter, velocity of collateral vessels, or the appearance time of the shoulder on the systolic downstroke. This will be discussed in subsequent research.
At the same time, we found that the rate of the characteristic shoulder appearance on the systolic downstroke is 94.9%; the rate of the second and the third wave's disappearance is 84.6%. When observing the waveform shape from the upper to the lower area proximal to the occlusion of the artery, the shoulder appears before the second wave disappears. Through the multi-point measurement proximal to the occlusion, we found that the changes of the waveform shape are gradual. In our opinion, the characteristic shoulder on the systolic downstroke suggesting distal disease is more sensitive than the disappearance of the second wave.
The occlusion segment that is located in the blind scan area, a deep location, or covered with dressing, cannot be detected easily. We can suspect the distal artery through the proximal waveform shape, which makes up for the limitation of 2D and colour Doppler ultrasound, and which improves the diagnostic rate. Through quantitative analysis of waveform shape proximal to an occlusion, and the observation of haemodynamic changes, a new reference to clinical diagnosis can be made (20) .
